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1 Introduction

Climate change is likely to affect many sectorshi@ economy. This study addresses the impact
of climate change on one specific type of transpothe total transport sector: inland waterway
transport. The aim of this study is to make an meg/ of the (scientific) literature that
addresses the impact of climate change, on spetificacteristics of this transport mode namely:
transport prices, transport reliability and its rabshare.

This literature survey is the first research staphiw the research theme “water and
transport” of the “Knowledge for Climate, Hotspototkerdam” research project, and it
contributes to the impact study phase of the ptojecthe next phase, in which we explore
adaptation measures, the knowledge from the imglacly phase can be used to examine the
feasibility of these measures.

The knowledge we obtain in the current report ievant since costs and reliability
determine the competitive position of inland wat@ywtransport to a large extent. Climate
change is likely to affect these determinants oflenohoice negatively, possibly resulting in a
loss of freight by inland waterways to competingde®. Consequently, the competitive position
of sea-ports that (heavily) rely on inland watenti@nsport may worsen.

The remainder of this report is organized as fadow Section 2 the topics climate
change and inland waterway transport (in relatmithe Port of Rotterdam) will be introduced.
Next, we provide an overview of the literature dre teffect of climate change on inland
waterway transport costs (Section 3), inland wadgriransport reliability (Section 4), and
modal split (Section 5). Finally, Section 6 con@ad

This literature review is carried out in the franwelv of the Dutch National Research
Programme “Knowledge for Climate, Hotspot Rotterflatts aim is to contribute to the
knowledge of the impact of climate change on tlggore of Rotterdam and to examine how the

impact can be reduced in order to make the Rotte@®&a ‘climate proof’.



2 Climate change and inland waterway transport

2.1 Climate change

(IPCC, 2007) expects that the cause of most of dhgerved increase in global average
temperatures since the mid®2@entury is due to the observed increases in amoigenic
greenhouse gas concentrations in the atmospheeseTdoncentrations of carbon dioxide (ZO
methane (Ch), and nitrous oxide (}0) have increased markedly as a result of humanitees
since 1750. Carbon dioxide is the most importarihrapogenic greenhouse gas. Its annual
emissions grew by about 80 per cent between 1970 2894. Continued greenhouse gas
emissions at or above current rates will causénéurtvarming and induce many changes in the
global climate system during the ®tentury (IPCC, 2007). Many studies have been dedup
with estimations of this future climate change.

An obvious problem with these studies, howevetha we do not know exactly how the
climate will be in the future. A means of dealinghwthis uncertainty is the construction of
climate scenarios. For the Netherlands, the Roydti Meteorological Institute (KNMI) has
developed a set of climate scenarios which focughlanges for 2050. The main dimensions

underlying the scenarios are described in TabkeNIMI, 2006).

Table 1. Values for the steering parameters ofkN&11'06 climate scenarios for 2050 relative
to 1990.

Scenario Global temperature increase in 2050  Changd atmospheric circulation
G +1°C weak

G+ +1°C strong

w +2°C weak

W+ +2°C strong

Source: (KNMI, 2006).



In these climate scenarios, two main uncertairgtiesconsidered: the level of global temperature
increase and the extent of change of atmosphedualation (wind direction). A strong change of
circulation induces warmer and moister winter seasand drier and warmer summertime
situations than a weak circulation change. The d¢oations of global temperature increase and
change of circulation result in four scenarios. Heenario label “G” stands for “Moderate”,
while “W” stand for “Warm”. The “+” indicates thdahese scenarios include a strong change of
circulation. Although the climate scenarios haveerbespecifically constructed for the
Netherlands, they are based on the outcomes ofadenternational climate models for Western
Europe. Therefore, they give a good indication ofgible climate conditions in this area.
According to the climate scenarios, the changirighate will result in milder winters and
warmer summers. Furthermore, it will rain more ofte wintertime with more heavy showers
(higher extremes). Also during summertime more kieshowers will occur but the number of
days with rain will decrease. This will result mnger periods of drought in summer. The wind
direction plays an essential role for the extentwoich the climate will change: in the +

scenarios the changes will be most severe.

2.2 The Port of Rotterdam and inland waterway {parts

The Port of Rotterdam is a hub of internationaldgpfiows, while at the same time an industrial
complex of global stature. The port is the gatewaya European market of more than 500
million consumers. With an annual throughput of endhan 400 million tonnes of goods,
Rotterdam is by far the biggest seaport in Euréjmet(of Rotterdam, 2009).

Because of the excellent waterway connectionsadihterland, inland waterway freight
transport to and from the Port of Rotterdam hamgaifscant share in the hinterland modal spilit.
Table 2 shows that, ignoring transport by pipelarel short sea shipping, inland waterway

transport accounts for about 80% of all non-dorsdstiterland transport, measured in tonhes.

! As domestic hinterland transport takes place datively short distances, the modal share for idlamaterways

will most probably be lower when domestic hauhisluded.



Note that the outgoing volume of international otél inland waterway transport from the port
is about three times larger than the incoming vaum the port indicating that the port of

Rotterdam is an import oriented port.

Table 2: Outgoing and incoming goods (x 1000 tohries the Port of Rotterdam in 2006

(domestic haul excluded)

Inland waterways Road* Rail Total
Outgoing 81,997 8,251 13,164 103,412
Incoming 25,359 4,793 2,389 32,541

*Note : only Dutch trucks
Source: (Port of Rotterdam, 2009).

Table 3 : Container modal split for load centrethim Le Havre-Hamburg range (in %, excluding

sea-sea transshipment)

Port Rail Road Inland waterways
Rotterdam 10.0 50.0 40.0

Antwerp 9.5 59.5 31.0

Le Havre 12.4 82.8 4.8

Zeebrugge 40.2 55.1 4.7

Dunkirk 20.5 76.7 2.7

Hamburg 28.7 69.8 1.7
Bremerhaven 30.6 67.3 2.0

Source: (Notteboom, 2007).

Comparing the container modal split of the seagportthe Hamburg-Le Havre range, Table 3
shows that Rotterdam relies most heavily on inlaatkerway transport. Also, for transportation
to and from the port of Antwerp a significant shasetaken by inland waterways. In the

remaining sea-ports inland waterway transport isnofor importance. This implies, assuming

2 The modal split for bulk cargo in the sea-portsvgha similar pattern as the one for containers.



that climate change will affect inland waterwaynsport negatively, that the port of Rotterdam
will suffer more from these negative effects thampeting sea-ports.

The port of Rotterdam is located in the Rhine-Meest@iary. The river Rhine is the most
important trade waterway in Europe as it connexigd economic core areas within and between
the Netherlands and Germany. In 2006 about 320iomiltonnes were transported on this
corridor. As this river route developed long adw increase in the volume transported over time
is relatively slow, but structural. It reflects tHevelopment of an industrial area that has existed
for a long time (CCNR and European Commission, 200fe river Meuse is much smaller than
the river Rhine, both, physically and its economiportance. An advantage of the Meuse is that
this waterway is canalized so that also in dry qugithe navigability can more or less be

guaranteed.

2.3 Effect of climate change on inland waterwansgort

As a result of climate change, inland waterway dpamt may experience problems related to
higher volatilities in water levels.

The river Rhine is a combined rain-snow river. &gesult of climate change, it is
expected that the Rhine will be more rain-orientethe future. More specifically, it is expected
that, in winter, precipitation will increase, andgler temperatures will cause a smaller
proportion of precipitation to be stored in thenfioof snow in the Alps. As a result, in winter
more precipitation will directly enter rivers, aage and peak water levels will be higher, and the
number of days with low water levels will decreabe.summer, besides a reduction in melt
water contribution, there will be less precipitati@and more evaporation due to higher
temperatures. As a consequence, inland waterweaselesn the Rhine will experience lower
water levels, as well as an increase in the nurabdays with low water levels in summer and
autumn (Middelkoop et al., 2000; 2001). Low watrdls imply restrictions on the load factor
of inland ships. This suggests that the capacitythef inland waterway transport fleet is
(severely) reduced in periods with low water leyalkich has (economic) consequences.

As low water levels hardly occur during winter, tregluction of days with low water

levels in winter will be small. However, an increasf days with high water levels in winter



implies an increase in the number of days on wimtdnd waterway transport is blocked for

safety reasons.
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Figure 1: Change in discharge (irf/sec) of the Rhine during a year under the KNMidlifnate

scenarios at Kaub.
Source: te Linde, 2007.

Figure 1 illustrates what the effect of climate i@ on discharge of the river Rhine at the
location Kaub (a small town which is located on Heest bank of the Rhine in middle Germany)
is expected to be under the four climate scenadhaswere d7nescribed in Section 2@n the

horizontal axis, the time period of one year isididd into 36 periods of ten days. The vertical

® River dikes are heavily put to the test in periofifigh water levels, and they may break as alre$uhe extra
pressure inland waterway vessels impose on th&es during periods with high water levels.

* Discharges in rivers (measured ifsec.) can be converted to water levels (measuredritimeters) by means of
the so called discharge rating curve. Formulast dgisthis conversion for several locations at fRieine. These
formulas have to be updated now and then becausganes in the structure of the riverbed over tiDischarges
and water levels at the location Kaub are espgciaiportant as it is here that water level resiits are most

limiting: they determine the load factor of virtlyahll inland ships that pass Kaub.



axis shows the expected percentage change in digclcampared with the average discharge
between 1961 and 1995.

In the summer months June, July and August, ther@maly minor changes in the mean
discharge in the G and W scenarios. However, theafd W+ scenarios (each with a strong
change of atmospheric circulation), show a decr@aseean discharge of 22 — 42 per cent (Te
Linde, 2007). A reduction in discharge may causes®@ problems. For example, inland ships
may have to reduce their load factor resulting ighér unit transport prices. (Jonkerenal.,
2009) compare the average annual number of dayswater levels at Kaub that cause load
factor restrictions for an inland ship of average $n the period 1987 — 1995 with the year 2050

under the four KNMI'06 climate scenarios (see Table

Table 4: Effect of climate scenarios on the lergjtthe low water period

Climate scenario Base period G (2050) G+ (2050) W (2050) W+ (2050)
(1987 — 1995)
Average annual number of 103 99 140 95 182

days with load factor
restrictions

Source: (Jonkereet al., 2009)

In Table 4, we observe that only in the G+ and Wenarios, the number of days with load
factor restrictions increase considerably compdced year under current climate conditions
(base period). In addition to load factor restaos, the reliability of inland waterway transport
may be negatively affected as a result of low wheeels. Lower load factors imply more traffic
movements leading to longer (un)loading and waitimges in front of locks for carriers.

Focusing on high water levels, the mean rise irchdigge in the winter months
December, January and February varies from 8 perfoethe G scenario to 16 per cent for the
W+ scenario (Te Linde, 2007). Interesting for theamd waterway transport sector however, is
the frequency and length of high water level pesittht lead to a blockage of inland waterway
traffic under future climate change. Unfortunateig, data is available on this. As an alternative
we present the history of inland waterway transpt@otkages on the Rhine since the year 2000
in Table 5. Except from the year 2002, blockagesioed not at all, or once a year. The length
of a blockage is between one and four days. Clearbtockage on inland waterways negatively

affects reliability and consequently may increaaegport costs for shippers.
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Table 5: Blockages of inland waterway transpothig Rhine as a result of high water levels

Date Location Length (in days)
23-03-2002 Bingen 3
04-11-2002 Maxau 4
14-01-2004 Maxau 2
16-01-2004 Koblenz 1
17-01-2004 Andernach 1
23-08-2005 Maxau 3
24-08-2005 Mainz n.a.
10-03-2006 Maxau 3
09-08-2007 Maxau 3
23-04-2008 Maxau 1

Note: Koblenz and Mainz are located downstreaiafau, Andernach is located downstream of Koblenz.

Source: (RWS-Infocentrum Binnenwateren, 2009)

This section has shown that low and high waterlgewesult in restrictions on the load
factor of inland ships and blockages on inland wedss, implying higher transport costs and a
deterioration of transport reliability. Consequgnghippers may decide to use another transport
mode, which means a loss of demand for inland watgrtransport. In the remainder of this
study, we will discuss the available literaturet@msport costs, reliability and modal share in the
context of inland waterway transport and climatarde.

3 Transport costs

In this section we will discuss the literature oater levels and inland waterway transport costs.
Low water levels imply restrictions on the load ttacof inland waterway vessels. As a
consequence, the costs per tonne, and thus algoitleeper tonne transported will rise. Note that
this effect of the water level on transport pricesnly present when the water level drops below
a certain threshold.

In an early study (Marchangt al., 1988)use a hydrologic model to predict changes in
water levels and water level variation due to ctenehange for the year 2035. By applying an
extensive transport model they subsequently simula¢ consequences of these changes for
average annual shipping costs in the Great Lak®t Lawrence river system in Canada. They
show that mean annual shipping costs from 1979085 2nay increase by 5% because of low

water levels. Moreover, they find a large increiasthe frequency of extreme costs. Results from
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this 1988 study may be criticized because climh@nge scenarios around that time were not as
advanced as they are now.

In a recent study on the consequences of climaagghfor shipping in the Great Lakes
river system, (Millerd, 20059stimates that increases in average operating asstsesult of low
water levels may indeed be substantially higheec8Bigally, using climate change scenarios for
2030 and 2050 from the Canadian Centre for Clinviddelling and Analysis, he estimates that
compared to 2001 the average operating costs i0 Zi3ease by 3-14% depending on the
industrial sector, with an average of approxima&dy. Estimates for 2050 range from 6% to
22%, with an average of 13%.

Results of a similar exercise for the Middle Misgipi River are reported in (Olseh
al., 2005). They estimate losses in shipper savingBnetl as the difference between costs of
shipping and costs of the cheapest transport aligm due to low water levels for the period
1933-2002. Losses over the entire period amoud Tomillion per year on average. Because of
wetter weather conditions the annual losses in18®&8—2002 period were substantially lower
($25 million). Subsequently they simulate the intpaicclimate change using synthetic water
flows for 2100 from three GCM climate change scesarSince these scenarios produce very
different estimates for future precipitation patemand run-off, the results vary widely. In the
first scenario the costs increase from $77 to $hilBon per year, while in scenarios 2 and 3 the
costs decrease to $10 and $24 million respectf/@lye models furthermore differ with respect
to the costs of high water levels, which may leadetmporary closure of the river system for
freight transport. The pattern in the results iaahy opposite to the pattern found for low water
levels. Costs for the 1933-2002 period amounte@1® million per year. Costs for the first
climate change scenario decrease to $1.5 milliorygar, while costs increase in scenarios 2 and
3 to $41 and $27 millioh.

® See (Millerd, 1996jor an earlier assessment of the impact of watesi$eon operating costs of inland shipping in
the Great Lakes area.

® Although at first sight these cost figures applear in an absolute sense, note that this studysdeith only a
small part of the Mississippi related transport kaar

" Lofgren et al. (20003how that a positive effect of climate change mayatsubstantial reduction in ice cover on

the Great Lakes. They do not assess the (poteptallive consequences for the commercial shippéugor.
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Shifting our attention to Europe, (Nomden and W.iZsursen, 1999) examine the effect
of climate change on inland waterway transport<¢std mode choice) by means of interviews
and the inland waterway transport simulation md8lkips@Risk. This model calculates the
daily transport capacity and daily transport costsck levels of the shipper and the number of
used ships using input on ship types, the amoubetwansported, the route, transport costs and
hydrological data. Interviews with carriers wereedigo determine realistic input values for the
Ships@Risk model. Based on the Ukhi climate scerfari2050 (Hulmeet al., 1994), the model
predicts for several carriers on the river Rhireg tmit transport costs will increase by about 10
per cenf

(Jonkereret al., 2007)analyze freight prices of approximately 2800 shigptirips on the
river Rhine in the period January 2003 to June 28@proximately 70% of all inland waterway
transport (in tonnes) in the EU is transported len Rhine. Water levels are measured at Kaub,
which at low water levels is the bottleneck forudbstantial part of the Rhine market: the Kaub-
related Rhine markéf. Further, since inland waterway carriers that ogeratder long-term
contracts do not report their trips, only transparterprises that operate on the spot market are
included in the dataset. Applying regression ansalysexplain freight prices per tonne, the study
clearly shows increasing freight prices at decrepsvater levels. The authors find that for an
average inland ship the transport price per tonag imcrease with 74% in periods with very low
water levels Additional analyses show that large ships recéiigher transport prices than
small ships in periods with low water levels. Arathnteresting result is that the elasticity of
demand for inland waterway transport is found toabeut -0.5, suggesting that demand for

8 The effect on modal split will be addressed irtisecs.

° For a carrier in the downstream part of the riR@ine the increase in transport costs was calallatéde lower
(7.8 per cent) than for a carrier in the upstrean (12.3 per cent).

10 About 300 million tonnes are transported on thénRreach year, of which around 80 million tonnessphy
Kaub. The study therefore covers around 27% oéttige Rhine market (s€dnkeren et al., 2007

1 van Geenhuizen et al. (1996) executed severabpikdinterviews with shippers in the river Rhineaabout
how they adapt to situations of low and high waéeels in the context of using inland waterway $@ort. They
also mention that the transport price, for tripdolthpass Kaub, can maximally increase by 70% aeme low

water levels (water depth is between 181 and 19@tdfaub).
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inland waterway transport on the river Rhine isldeic!? It is estimated that in the period
1986—-2004 there has been an annual average wklgsref €28 million due to low water levels
in the part of the river Rhine market considefédhe estimated loss in 2003 was as high as €91
million due to the very dry summer in that yéaAlthough these results are based on historical
data they have clear implications for the inlandemaay transport sector under climate change.
(RWS-RIZA et al., 2005) estimated the costs of low water levelsdomestic inland

waterway transport in the Netherlands using a wateamagement model. This model contains an
economic tool which is based on assumptions abdditianal costs of low water levels. These
extra costs concern the increase in the numbeipsf in handling costs and costs as a result of
longer waiting times in front of locks. The sumtbése costs is called the annual expected value
of the damage for inland waterway transport anestimated to be equal to €72 million under
current circumstances (climatic and economic). Biigected value is based on the mean annual
damage for a period of 100 years (1901 — 2000adutition, for the year 2003, they found an
expected damage of €111 million. The annual amtransported in the Dutch domestic market
(200 million tonnes) is comparable to that of theeuld-related market (80 million tonnes). (Royal
Haskoning, 2007) use the same model, with the ssssemptions about additional costs. They
re-estimate the annual expected value of the darfeageland waterway transport under current
circumstances to be equal to € 90 mill{driThey modify their previous results by taking into
account the KNMI'06 climate scenarios and futureremmic growth scenarios. The results turn
out to be very sensitive for the economic growtbnsecio which is used. The annual expected
value of the damage for inland waterway transpor050 is €79 million in case of climate

12 The price elasticity of demand is defined as tfiece of a relative change in the price on a rektthange in
demand. An elasticity is called inelastic whervitue is between -1 and 1 and elastic when itsevelismaller than
-1 or larger than 1.

13 In (Jonkereret al., 2007), the annual welfare loss can be interpragethe extra total amount of inland waterway
transport costs that is paid for by shippers bexanfslow water levels (in the geographical markeder
consideration).

* For many purposes, the 2003 event can be used asadog of future summers in coming decades matt
impacts and policy studies (Beniston, 2004).

!> The difference between the expected value of #made (€72 and €90 million) in the two studies ban
explained because of a difference in the perioevbich the mean value of the damage is based. INSFRNZA et
al., 2005) this period is 100 years while in (Royakkaning, 2007) it is 7 years.
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scenario W, and € 280 million in case of scenarie. \WMowever, economic growth is not
included in these estimations. If the economic aden“global competition” is included, the
expected values of the damage rise up to about &iilion and €670 million respectively.
Finally, (Rothsteinet al., 2009) approach the low water level issue from ghespective of a
bulk-cargo dependent shipper. They show the exgeolsan exemplary power plant located at
the upper Rhine as illustrated by Figure 2. Inythar 2003, transport costs under real conditions

were up to twice as high than expenses for opteoadlitions for inland waterway transport.
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Figure 2: Transport costs of a power plant at tippeéd Rhine for transport with 135m inland
vessels assuming optimal water levels conditionax(mum draught) and real water level

circumstances.
Source: (Rothsteigt al., 2009)
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4 Reliability

Within a transport economics context, reliabiligndbe defined as the degree to which deliveries
arrive on time, i.e. the percentage on time arsivlshipments in a certain time period (month,
year). It is expected, that low and high water lewe waterways will result in an increase in the
number of inland waterway deliveries that mm arrive on time (Radmiloviee and B.Dragoviee,
2007;Middelkoop and J.C.J.Kwadijk, 2001;DHV, 2008).

In case of high water levels, inland waterway tpamsmay be stopped above a particular
threshold water level, to prevent river dikes frbreaking. This implies that inland ships are not
able to navigate for a period of time (usually selelays) and consequently they will arrive
(way) behind schedule at their destination.

In the case of low water levels, ships are restidh their load factor. Given inelastic
demand for inland waterway transport, (Jonkestesi., 2007;2009), more trips will be made on
the inland waterways in periods with low water lev@his may result in detours, longer waiting
times in front of locks, one way traffic on sometaravays, and more inland ships in ports that
have to be (un)loaded. So, reliability of inlandtevavay transport will probably worsen due to

low water levels.
4.1 Climate change and reliability of inland wataytransport

To our knowledge, studies that explicitly model difect of low and high water levels on
reliability of inland waterway transport are absefiarris, 1997) gives an indication for the
increase in time that the river Rhine at Colognblexcked due to future high water levels. He
notes that by 2050, inland waterway transport mayntpossible during 1.2% of the time in a
year, against 0.8% in 1997. It remains unclear archvclimate scenario this finding is based.
He notes that in general the reliability will demse in periods with low or high water levels.

(Quispel and J.A.Visser, 2007) examine the rditgbof the waiting time for inland

waterway carriers in front of four locks, in a peutar part of the waterway network in the
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Netherlands in the year 204D.The water level is one of the explaining variabl&ore
specifically, the daily water levels in the yeab2Qvere used, so the effect of low water levels in
2004 is incorporated into the analy$é®ther variables that are taken into account ape@uic
growth (until 2040), (seasonality of) demand fdamd waterway transport and (seasonality of)
demand for recreational navigation. Reliabilitydisfined as the dispersion of the waiting time
per month. In the part of the Dutch inland watermaywork assessed, low water level situations
are specifically relevant as they determine rolmeice of the carriers: in the case of low water
level most carriers will choose one particular linkthe network under consideration implying
longer waiting times and less reliable waiting tame front of locks located in that waterway
link.*® The authors find that, in the busiest month of ylear (August), in the most extreme
scenario for economic growth, for the lock thatm®st heavily affected, there is a 6.6%
probability that a ship will have to wait more thad minutes in the year 2040. For shippers, this
result suggests that 1 out of 15 ships will arnvere than 30 minutes later than scheduled. Note
that the mentioned probability for delay appliesotdy one lock. On some routes, carriers are
likely to pass more than one lock implying an acalation of waiting time. Including the daily
water levels which are representative for a yeateuriuture climate change (for example: the
water levels in 2003, a year which is considerede@epresentative for a year in the W+ climate
scenario (KNMI, 2006;Beniston, 2004)), would makely lead to a higher percentage of ships
waiting for more than 30 minutes, so the reportedcentage is clearly an underestimate for
future climate change conditions.

In additional simulations, several so called himdexscenarios are considered for inland
waterway transport as well as recreational nawgatOne of these scenarios concerns extreme
low water levels, as they occurred in the year 2@08 found that, by the year 2020, in the most
extreme scenario for economic growth, for the Iticat is most heavily affected, the mean

waiting time increases by 23% compared to the bestnario for 2020 (no extreme low water

1% The part of the waterway network considered isahstern part of the rivers Rhine and Meuse neacitly of
Nijmegen in the Netherlands.

' Note that daily water levels in the river Rhine 4804 are comparable to water levels under curckmiate
conditions. So, the results in Quispel and Vis280¢) do not incorporate the effect of low (andhigiater levels
under climate change.

18 The carriers who are affected in their load faetidrchoose the link with the largest draught.
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levels). A similar simulation was run for the reaienal navigation sector for which they find an
increase in mean waiting time of 11% (Quispel armd\dsser, 2007). To what extent this
increase in waiting time in front of a lock decremghe reliability of the whole trip remains
unexplained. The explanation for the smaller peaggs for recreational navigation is that these
ships are smaller. As a result they better fit miock together with other ships than large inland
freight vessels.

In (HKV, 2007) a study was carried out to evaluastveral alternative ways of
enlargement of the fairway on a part of the rivéire in the Netherlands. Its goal is to create a
sustainable fairway with a guaranteed width andldégp guaranteed reliability) in the long term.
Climate change is expected to play a significame @s low flows make it more difficult to
assure those dimensions of the waterway.

Closely related to reliability is the attribute sgf Safety can be defined as the
probability that an inland ship will collide withnather ship, a bridge or the river bank. This
probability is likely to increase in periods witigh water levels (increased river flow) and low
water levels (a smaller fairway in combination wittore trips). The above mentioned accidents
may result in a blockage of the waterway affectialigbility. One study which mentions that
extreme water levels influence safety and religbdf inland waterway transport is (Rothstetn
al., 2009).

We continue this literature review by focusing dodses that examine, among other
factors, the importance of reliability for shippesk freight. Reliability is only one qualitative
factor on which (inland waterway) freight shippdrase their mode choice. They also value
factors like service frequency, transit time, arieais flexibility, the probability of damage and
of course the quantitative factor transport cobte knowledge on the importance of reliability
is relevant in the light of this study: if shipperhio make use of inland waterway transport do
not bother about reliability at all, a deterioratiof the reliability due to low and high water
levels will not lead to adaptive behavior which htigffect the competitive position of the port

of Rotterdam.
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4.2 The importance of reliability in freight trammsp

The importance of reliability can be expressedtingdato other determinants of mode choice.
Table 6 offers an overview of studies which exanmel@bility as one of the determinants of
mode choice. Respondents in these studies areeskipp freight forwarders. Except for one
study (Beuthe and Ch.Bouffioux, 2008) inland watywransport is not considered as a possible
transport mode for shippers and freight forward&s, little is currently known about how
shippers that make use of inland waterway transguie reliability.

We will now elaborate on the studies in Table @nkrShinghal and Fowkes (2002), it
appears that exporters (via the port of Bombay}¥ictan reliability to be very important, which is
due to their need to ensure that the consignmeivearat the port in time for the ship. As the
port of Rotterdam is also a major point for expugtiit is likely that reliability is also highly
valued by shippers who use the port of Rotterdanthigir exporting goods flow.

Shinghal and Fowkes (2002) and Daniedtsal. (2005) both find that firms which
organize their input flows on JIT principles havligh perceived value for reliability. Because
transportation of containers on the river Rhinealso often organized according to JIT
principles, reliability is likely to be importandif the shippers who hire container carriers.

For relatively large firms, cost is more importéman qualitative attributes like reliability
(Danielis et al, 2005). As many production firmsthe German industrial Ruhr area, which are
located at the river banks of the Rhine, are vargd, this finding suggests that reliability is not
of primary importance for shippers that make usmlaihd waterway transport in this area.

Beuthe and Bouffioux (2008) show that reliabilisy more important on short distance
transport and for road transport but does not playmportant role for shippers that make use of
inland waterway transport. The authors also es@nzatmonetary value for the reliability of
inland waterway transpotf. They find that for a 1% point increase in reliigilof inland
waterway transport, a shipper is willing to payG@1 extra per tonne-kilometer. For a fully
loaded inland ship of 2500 tonnes which makespaaver 300 kilometers this value of reliability

implies that a shipper is willing to pay €75 extm a 1% point increase in reliability. In

19 This is actually the only study which has calcedba value of reliability (VOR) for inland waterwéyansport.
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comparison to rail and road the VOR is very lowr Fal the VOR is estimated to be €0.0004
and for road €0.0130. This is an important findimghe context of the current study. It suggests
that customers of transport services that consilability as important tend to exclude inland

waterway transport from their choice set. An exptam may be that these are also the
customers that attach a high importance to spdeid.cbnjecture is confirmed by the results on

the estimations on the value of time in (Beuthe @hdBouffioux, 2008).

Table 6: Recent studies which examine importancela@bility

Study Geographical Transport Importance reliability
context modes

(Shinghal and India, Delhi — Road, rail Very important for exporters (transshipment in

T.Fowkes, 2002) Bombay corridor. port) and autoparts sector (JIT). Attributes:
cost, time, reliability, frequency.

(Danieliset al., Italy, north-east and Road , ralil Reliability and risk of damage most important

2005) centre out of 4 attributes (cost, time, reliability,
damage).

(Garcia-Menéndeet  Spain, east Road, sea Reliability and damage least important out of

al., 2004) 5 attributes (cost, time, reliability, damage,
frequency).

(Bergantino and Italy, north-west Road, sea Frequency (1) and reliability (2) most

S.Bolis, 2005) important out of 4 attributes (cost, time,
reliability, frequency).

(Beuthe and Belgium Road, rail, Reliability third most important attribute (after

Ch.Bouffioux, 2008) inland cost and time) out of 6 attributes. For inland

waterways, sea waterway shippers reliability is ranked fourth.

In addition to the studies in Table 6, we mentiavuttenhoven et al. (2005). They focus on the
attribute of reliability, one of their results bgiTable 7. Compared with the other transport
modes, reliability is valued lowest by shipperstth@aake use of inland waterway transport
(although the differences are small). Still, abowb thirds of these shippers expect their

shipments to arrive on a specific moment or witniime frame around this moment.
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Table 7: Percentage of freight transport tripswbich arriving on time is of importance

Road Rail Inland Sea Air
waterways
Point of time or 64.4% 77.8% 64.2% 65.4% 68.7%
time frame
On time is not 35.6% 22.2% 35.8% 34.6% 31.3%
important

Source: Kouwenhoven et al. (2005).

Finally, (&0 Research, 2009) address reliability their study on the satisfaction of Dutch
shippers that make use of inland waterway tranglartnestic and border crossing). They find
that 31% of all shippers judge inland waterway sport to be less reliable than road transport
and 22% has the opposite opinion. Compared totraisport, inland waterway carriers are

judged to be less reliable by 7% and more reliblgl20% of the respondents (see Table 8).

Table 8: Reliability of inland waterways compareithwompeting modes

Inland waterways more reliable Inland waterway lesgeliable
Road 22% 31%
Rail 20% 7%

Source: (1&0 Research, 2009)

On average, a delay of 13% of the original traweletis still acceptabl& For 10% of all
shippers not any delay is acceptable and for 23%e ih@n 10% delay of the original travel time
is still acceptable. The most mentioned causeslétays are waiting time at bridges and locks,
delay during (un)loading at terminals and weatl®uemstances (I&0 Research, 2039).

From the review above it turns out that in theréitare there is no consensus on the
importance of reliability for shippers (who makeeusf inland waterway transport) in
determining mode choice. As some studies indidade reliability is of importance for shippers

and because studies in which inland waterway t@msp a mode under consideration hardly

2 A barge trip usually takes at least one day. 13%®4ohours or more implies that extra waiting timefront of
locks of 30 minutes, as found by Visser and Quigp@07), is not a big issue.

2L Note that extreme weather circumstances are eaghéatoccur more often in the future due to clingtange.
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exist, further research on the importance of réltgbfor shippers that use inland waterway

transport is recommended.

5 Modal share

For years, the transport policy of the European @asion is aiming to establish a structural
modal shift from road transport to railways andamd waterways, in order to reduce the
emission of greenhouse gasses, because road tramspgenerally considered to be more
polluting than its competing transport modes (Eesp Communities, 2006). The desired shift
in modal split is then likely to contribute to thmtigation of climate change.

In this section however, we will focus on the neseerelationship: what is the effect of
climate change on modal split? In the previousisest it was observed that inland waterway
transport prices increase as the water level dsesean addition, the reliability of inland
waterway transport is likely to deteriorate duelda and high water levels. One possible
consequence of these changes in transport pricdsraiability is a deterioration of the
competitive position of inland waterway transpooimpared with rail and road transport, and
thus a change in modal split. (Jonkeetal., 2009) study this issue using a GIS-based software
model called NODUS which provides a tool for theafled analysis of freight transportation
over extensive multimodal networks. They assesstfeet of low water levels on the costs of
transport operations for inland waterway transpamntj consequently on its modal share, in the
Kaub-related Rhine market, under several climasmacos. The reliability aspect is ignored. It
turns out, that the effect of the higher transpmsts on the modal split is limited. Under the
most extreme KNMI'06 climate scenario (W+), inlaméterway transport would lose about
5.4% of the quantity that is currently being tramged annually in the part of the Rhine market
considered. About 70% of these tonnes are shiftedotd, the remaining part to rail.
Generalizing the loss of cargo to a larger geogcaplarea, maximally 16 million tonnes are
transferred to competing modes in tiotal Rhine market under current economic conditions.
Some limitations of the model are that it is assdirti@t shippers do not have switching costs
when choosing for another transport mode, thaterbrtological improvements will be made on

the supply side (infrastructure and fleet) and thatre demand is equal to current demand.
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Table 9 was retrieved from (Bfg, 2006). It depitite transported volumes on German
inland waterways in the year 2003, compared toghufs2002. The authors mention that the
majority of the total decrease of 5.1% can belaitad to low water levels as the year 2003 was
an extreme year in terms of low water levels. Fentiore, they note that in the years after 2003,
inland waterway transport won back the tonnes ilo2003 on the competing modes. (DHV,

2008) also mentions the risk of losing cargo teeothodes.

Table 9: Freight transport on German inland watgsna thousands of tonnes.

Type of traffic 2002 2003 Change (%)
Domestic 55,844 53,419 -4.3
Border crossing 150,922 145,111 -3.9
Transit 24,981 21,469 -14.1
Total 231,746 219,999 -5.1

Source: (Bfg, 2006)

From an interview carried out by (Nomden and W.Ba&uirsen, 1999), it appears that shippers of
dry bulk cargo will not choose for competing tramgpmodes due to increases in transport costs
and costs from higher stocks. As main reason thetfeat transport by inland waterways is
considered to be about 50% cheaper than transgodompeting modes by the shipper, is

mentioned. Note that this information is retrie¥iein only one interview ten years ago.

6 Conclusion

In this report we have gathered and structureditd@ture on the effects of high and low water

levels in inland waterways on costs, reliabilitydamodal share of inland waterway transport.

Knowledge on this type of literature is relevant tiee Port of Rotterdam because much cargo is
transported from this sea-port to the hinterlanditlpnd waterways. Several studies have
examined the effect of climate change on costslaind waterway transport. However, much

less literature is available on the effect of clienahange on reliability and modal share of this
transport mode.
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With respect to the effect on transport costs dhffi€ results are found. This difference in
results can mainly be explained by the wide vanetglimate- and- economic scenarios that are
used in the different studies. In the North Amaridizerature Millerd (2005), finds an average
increase in annual transport costs of 13% for Z0b@avigation in the Great Lakes river system
as a result of low water levels compared to curagmiual transport costs. A study for the Middle
Mississippi River reports an increase in annuaidpart costs of 35% due to lamd high water
levels in one climate scenario andlecrease of 44% in another climate scenario for the year
2100 (Olseret al., 2005). In the European literature (Jonkesea., 2007) estimates an increase
in annual transport costs due to low water levalshe river Rhine of about 15% in a year which
is more or less representative for the most extr&BII’06 climate scenario for 2050 (W+).
From (Royal Haskoning, 2007) it turns out that éx¢éent to which economic growth will occur
has a significant impact on the increase in trarisposts due to low water levels. Annual
transport costs due to low water levels will ina@dy 9% in the case of climate scenario W+
and current economic circumstances while the cugease will amount to about 23% in the
case of climate scenario W+ in combination with dmnomic scenario Global Competition
(Centraal Planbureaat al., 2006).

As not much literature on the effect of high aad water levels on reliability of inland
waterway transport exists, we focused on the ingpae on the attribute reliability for shippers
of freight. Especially (Beuthe and Ch.Bouffioux,08) present interesting results in this context.
They show that reliability is more important on ghdistance transport and for road transport but
does not play an important role for shippers thakenuse of inland waterway transport. This
conjecture is confirmed by the estimated monetaiyer for the reliability of inland waterway
transport. The authors find that for a 1% pointré@ase in reliability of inland waterway
transport, a shipper is willing to pay €0.0001 axier tonne-kilometer. Compared with the value
of reliability (VOR) of other modes this is smaflor a fully loaded inland ship of 2500 tonnes
which makes a trip over 300 kilometers this valfieetiability implies that a shipper is willing
to pay €75 extra for a 1% point increase in relighiThis is an important finding in the context
of the current study. It suggests that custometsaokport services that consider reliability as an
important issue tend to exclude inland waterwagdpart from their choice set. An explanation

may be that these are also the customers thatha#tauigh importance to speed. Although
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(Beuthe and Ch.Bouffioux, 2008) suggest that réltsghs not an important attribute for shippers
that make use of inland waterway transport, sonferostudies indicate the opposite. For
example, (Kouwenhovest al., 2005) mention that for 64% of the shippers thakenuse of
inland waterway transport, arriving on time or witha time frame is important. For other
transport modes they show similar percentagesddiitian, (&0 Research, 2009) find that for
77% of the shippers in their survey (n = 150), lygl®f more than 10% of the planned travel
time is not acceptable. Because of the lack of kedge on the effect of climate change on
reliability in inland waterway transport and becaud the contradictory results in the existing
literature further research on the reliability is$si recommended.

Finally, the effect of climate change on the shafrenland waterway transport in the
model split was assessed. If high and low wateeltewegatively affect transport costs and
reliability, it is likely that a part of the cargbat is originally transported by inland waterways
will be shifted to competing modes. One particgrdy that specifically analysed the effect of
higher transport costs (due to low water levelsymdal split is (Jonkereet al., 2009). Their
results indicate that under the most extreme KNBII'€limate scenario, inland waterway
transport on the Rhine will lose 5.4% of the anmsntity that is currently being transported.
Strikingly, (Bfg, 2006) also find a decrease of 3%wever, this figure applies to the difference
in quantity transported by inland waterway on Germaterways between the years 2003 and
2002. They state that this reduction in tonnessparted can be attributed to the extreme low
water level situation in 2003 although they do sbbw that the causal relationship is really
present.
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Nederlandse samenvatting

In dit rapport hebben we de literatuur over de ctéie van hoge en lage waterstanden in
waterwegen op de kosten, betrouwbaarheid en mdaak syan de binnenvaart verzameld en
gestructureerd. Kennis over dit onderwerp is retevaor de haven van Rotterdam omdat veel
vracht over de binnenwateren wordt vervoerd tusdeme zeehaven en het achterland in
(voornamelijk) Duitsland. Ongeveer 50% van alletatale handel (gemeten in tonnen) tussen
Nederland en Duitsland gaat per binnenvaartsch@grsshillende studies hebben het effect van
klimaatverandering op de transportkosten in dednwaart onderzocht. Er is echter veel minder
literatuur beschikbaar over het effect van klimaswdering op (1) de betrouwbaarheid en (2)
het aandeel in de modal split van deze transporiied.

Met betrekking tot het effect op de kosten van bmmaartvervoer zijn in de literatuur
verschillende resultaten gevonden. Dit verschileisultaten kan voornamelijk worden verklaard
door de grote verscheidenheid aan klimaat- en enmobie scenario's die gebruikt worden in de
verschillende studies. In de Noord-Amerikaansedtteur vindt Millerd (2005) een gemiddelde
stijging van de jaarlijkse kosten van vervoer v@@olvoor 2050 voor de scheepvaart in de Great
Lakes river systeem als gevolg van lage waterstariele opzichte van de huidige jaarlijkse
kosten. Een studie voor het middengedeelte van idsidgdippi rivier meldt een stijging van de
jaarlijkse transportkosten van 35% als gevolg \ageén hoge waterstanden in het ene klimaat
scenario en een daling van deze kosten van 44%nimmeder klimaat scenario voor het jaar 2100
(Olsen et al., 2005). In de Europese literatuuasdonkeren et al. (2007) een stijging van de
jaarlijkse kosten van vervoer per binnenvaartsdpple Rijn als gevolg van lage waterstanden
van ongeveer 15% in een jaar dat min of meer reptasef is voor het meest extreme KNMI'06
klimaat scenario voor 2050 (W+). Uit een studie \RWS-RIZA (2007) blijkt dat de mate
waarin economische groei zal optreden een aankienhvioed heeft op de stijging van de
transportkosten als gevolg van lage waterstandes. jdarlijkse kosten van vervoer per
binnenvaart zullen als gevolg van de lage watedgiammet 9% stijgen in het geval van het
klimaatscenario W+ in combinatie met de huidigeneeoische omstandigheden. De stijging van

de transportkosten zullen daarentegen ongeveerligagen in het geval het klimaat scenario
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W+ optreedt in combinatie met het economische sten@lobal Competition (Centraal
Planbureau et al., 2006).

Aangezien er niet veel literatuur over het effeah\hoge en lage waterstanden op de
betrouwbaarheid van de binnenvaart bestaat, heblgeons gericht op het belang van het
attribuut betrouwbaarheid voor verladers van vravloioral Beuthe en Bouffioux (2008) laten
interessante resultaten zien in deze context. Aent@an dat betrouwbaarheid belangrijker is
voor transport over korte afstanden (ten opziclate wervoer over lange afstanden) en voor het
wegvervoer (ten opzichte van andere modaliteit¢opr verladers die gebruik maken van de
binnenvaart wordt betrouwbaarheid als minder belgntpeschouwd. Deze bevinding wordt
bevestigd door de geschatte monetaire waarde &oouwbaarheid van binnenvaarttransport.
De auteurs vinden dat voor een 1%-punt stijging darbetrouwbaarheid van de binnenvaart,
een verlader bereid is € 0,0001 extra per ton-letem te betalen. In vergelijking met de
waardering van betrouwbaarheid voor andere modalitas dit laag. Voor een reis met een
volledig beladen binnenvaartschip van 2500 ton &@0 kilometer impliceert de hierboven
vermelde monetaire waarde van betrouwbaarheidedaverlader bereid is € 75 extra te betalen
voor een 1%-punt stijging van de betrouwbaarheid.i® een belangrijke vaststelling in de
context van de huidige studie. Het suggereert datkknten van vervoersdiensten die
betrouwbaarheid als een belangrijke kwestie besgboude neiging hebben om de binnenvaart
uit te sluiten van hun keuzeset. Een verklaring Xgndat dit ook de klanten zijn die een groot
belang hechten aan snelheid. Hoewel Beuthe en Bauff(2008) suggereren dat de
betrouwbaarheid niet een belangrijk kenmerk is veerladers die gebruik maken van de
binnenvaart, blijkt uit een aantal andere studiest kegenovergestelde. Bijvoorbeeld,
Kouwenhoven et al. (2005) vermelden dat voor 64% de verladers die gebruik maken van de
binnenvaart, de aankomst van goederen op een kepigddtip of binnen een tijdsbestek
belangrijk is. Voor andere vormen van vervoer tozensoortgelijke percentages. Bovendien,
vindt | & O Research (2009) dat voor 77% van ddadars in hun onderzoek (n = 150), een
vertraging van meer dan 10% van de geplande cbrsgt aanvaardbaar is.

Vanwege het gebrek aan kennis over het effect viamaktverandering op de
betrouwbaarheid van de binnenvaart en vanwege gns&ijdige resultaten in de bestaande
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literatuur is aanvullend onderzoek naar de betr@asieid van vervoer per binnenvaart (in
relatie tot klimaatverandering) aanbevolen.

Tenslotte is gefocus op het effect van klimaatveéesimg op het aandeel van de
binnenvaart in de modal split. Indien hoge en laggerstanden een negatieve invioed op de
kosten en betrouwbaarheid van binnenvaartvervdasdre is het waarschijnlijk dat een deel van
de lading die oorspronkelijk door de binnenvaartdveervoerd zal worden verschoven naar
concurrerende vervoerswijzen. Een studie die sp&difet effect van hogere transportkosten (als
gevolg van lage waterstanden) op de modal splieumtht heeft is Jonkeren et al. (2009). Hun
resultaten geven aan dat onder het meest extrenMl'8®lklimaat scenario, de binnenvaart op
de Rijn 5,4% van de jaarlijkse hoeveelheid vraghtrdomenteel wordt vervoerd zal verliezen.
Opvallend is dat BfG (2006) ook een daling van 5%di Dit percentage heeft betrekking op
het verschil in hoeveelheid vervoerd door de bivaart op de Duitse waterwegen tussen de
jaren 2003 en 2002 (in 2003 5% minder dan in 20B@)stellen dat deze vermindering van het
aantal vervoerde tonnen kan worden toegeschrevendaaextreem lange periode van lage
waterstanden in de Europese vaarwegen in 2003eEdmet gesuggereerde causale verband

wordt niet aangetoond.



